The effects of dietary medium-chain triglyceride (MCT) on the concentration of plasma ketone bodies in enterectomized and normal rats were examined, together with the effects on plasma glucose, plasma immuno-reactive insulin, and liver function. Four groups of enter ectomized rats and four groups of normal rats were fed experimental diets containing 0, 6, 11, or 21% of MCT by weight for 6 days. All animals including normal rats received meal-feeding for 3h once a day. On day 3, concentration of plasma ketone bodies in enterectomized rats increased dose-dependently with dietary MCT and the level was higher than that in normal rats. However, all the values in enterectomized rats never exceeded 2mM, the maximum physiological concentration. In contrast, plasma glucose in the enterectomized rats showed a tendency to decrease more clearly and dose-dependently with dietary MCT, followed by a marked increase of insulin secretion compared with those in normal rats. On the final day, no significant differences in the results of liver function tests were observed among these groups. These results indicate that the MCT-induced ketosis was within an acceptable range, and dietary MCT is useful for the suppression of increase in plasma glucose following a surgical operation without any disadvantageous effects on liver function. Key Words medium-chain triglyceride, ketosis, enterectomized rat, normal rat, plasma glucose, plasma insulin, energy source, liver function Medium-chain triglyceride (MCT) consisting of saturated fatty acids moieties of 6-12 carbon atoms possesses an energy value as high as long-chain triglyceride (LCT) and has been shown to maintain the growth and development of normal rats (1, 2) and operated rats (3-5) as well. The metabolism of MCT is different from that of LCT. MCT is transported directly to the liver via the hepatic portal circulation and is oxidized mainly into ketones, whereas LCT is absorbed via the intestinal lymphatics and transported as chylomicrons through the thoracic duct to 147
MATERIALS AND METHODS
Experimental diets and MCT. The composition of the experimental diets is shown in Table 1 ; these diets (control, MCT6, MCT11, or MCT21 diets) contained 0, 6, 11, or 21% of MCT by weight, respectively. In clinical application, MCT is often regarded as the energy source rather than the source of fat, and has the 
RESULTS
Weight gain and energy efficiency ratio In enterectomized groups, the average food intakes during 6days of feeding period were almost the same in all groups. However, average energy intakes and body weight gains increased in proportion to the MCT feeding levels ( Table 2) . This increase may be due to the higher energy values in the MCT diets compared to the control diet (408-483 vs. 379kcal/100g diet). Therefore, energy efficiency ratios, body weight gains per 100kcal of energy intakes, were calculated. Energy efficiency ratios also increased according to the MCT feeding levels; the ratios in the enterectomized groups fed the diets containing MCT were positive values while negative values were obtained in the enterectomized group fed control diet. In normal groups, the effects of MCT on the average food intakes, energy intakes, and body weight gains were similar to those in enterectomized groups. Change in relative body weight There was little change in the body weights in all enterectomized groups throughout the feeding period except for enterectomized-MCT21 group (Fig. 1A) . On the other hand, body weight in enterectomized-MCT21 group increased during this period, and was significantly different from those in the other groups on day 6. Body weights of normal groups increased during the feeding period, and the highest increase was observed in normal-MCT21 group among normal groups (Fig. 1B) increasing dietary MCT content was more clear in enterectomized groups than in normal groups.
Liver weight and plasma test for hepatic function Dietary MCT did not influence the liver weights relative to the total body weights and the plasma levels of ALP, GOT, and GPT in both enterectomized and normal rats (Table 4 the oxidation rate of dietary MCT was probably rapid under surgically stressed conditions. Therefore, ketone bodies under these conditions appeared to be utilized more efficiently as a source of energy than under normal conditions in the extrahepatic tissues. The alteration in glucose metabolism caused by bowel operation has been regarded as "surgical diabetes" (21-23). The mechanism of the alteration is due, in part, to the change of several enzymatic activities of Embden-Meyerhof pathway or the concentrations of several hormones, such as phosphofructo kinase , pyruvate kinase or catecholamines (23). When the concentrations of plasma glucose and immuno-reactive insulin in enterectomized-control groups were compared with those in normal-control groups at 2h after the meal, the concentrations in enter ectomized-control groups were slightly higher (Figs. 3 and 4) . Although functional enzyme activities and the concentrations of hormones were not determined in our study, increase of these concentrations in enterectomized-control groups apparently showed that these operated rats were yet under "surgical diabetes" as noted above.
In addition, hypoglycemia after MCT feeding was more evident in enter ectomized rats compared to normal rats (Fig. 3) . These trends indicate that dietary MCT may be advantageous in controlling the concentration of plasma glucose even in the so-called "surgical diabetes." It is likely that hypoglycemia after MCT feeding was caused by a decrease in hepatic output of glucose, and also by an increase of insulin secretion because the islets of Langerhans are stimulated by the ketone bodies or by the medium-chain fatty acids themselves or by both (9) . Therefore, hypoglycemia in enterectomized rats after MCT feeding may be in duced, following the marked increases of insulin secretion and ketone bodies concentration compared to normal rats (Figs. 4 and 2 ).
There were significant differences in the average energy intakes among some groups (Table 2 ). In a preliminary experiment, we have studied whether there was a correlation between the concentration of plasma glucose and the energy intake in the enterectomized rats fed control diet for 3h a day ad libitum. There was no significant correlation within the ranges from about 40 to 60kcal per day (r=0.12, n=10).
Therefore, we are convinced that alterations of glucose concentrations observed in this study are due to the differences in MCT feeding levels and not due to the differences in energy intakes. The mechanism by which alteration of glucose metabolism after MCT feeding are induced in enterectomized rats remains to be elucidated. However, judging from lowered glycolysis under surgically stressed conditions (21-23), the mechanism may be due, at least in part, to the more efficient utilization of ketone bodies than glucose as a source of energy in the extrahepatic tissues.
During the 6 experimental days, the body weight gain in the enterectomized rats fed MCT diet tended to be higher than that in the rats fed non-MCT diet ( Fig .  1 and Table 2 ) as observed in our previous studies using gastrectomized rats and malabsorption rats (3) (4) (5) . It is well known that the intraluminal hydrolytes of MCT are adsorbed faster than those of LCT, and as fast as glucose (6) . In addition , it J . Nutr. Sci. Vitaminol.
has been reported that in the massively enterectomized rats the absorption ratio of 14C -labeled MCT was 94.6%, whereas that of 14C-labled LCT was 25.3% (24).
Although the absorption ratio of MCT was not estimated in the present study, higher growth in MCT-fed rats may reflect a relatively complete and rapid absorption even after bowel operation. It may also indicate that MCT is useful as a source of energy. Furthermore, dietary MCT did not influence relative liver weights and liver functions (Table 3) , and ketone body ratios (Table 4) which indicated the oxido-reductive state in the hepatic mitochondria (25) The present results may indicate that MCT have no disadvantageous effects on the liver function even under surgically stressed conditions after enterectomy. Recently, the effects of fat emulsion containing MCT on enteral or parenteral nutrition have been studied in comparison with those using only glucose as an energy source. It is reported that the fat including MCT is more advantageous as an energy source under serious stressed conditions than the glucose (5, 26, 27) . In the present study, we have examined the effects of dietary MCT on plasma ketone bodies and glucose concentrations under surgically stressed conditions or normal conditions. Judging from the quantitative aspect of MCT-induced hyperketonemia, the changes in the concentrations of plasma glucose or immuno-reactive insulin and the effect on liver function, it was suggested that dietary MCT cause ketosis within acceptable levels in enterectomized rats and suppress the increase of plasma glucose following the operation without showing any disadvantageous effects on liver function. 
